Abstract. Liver dysfunction that may affect drug metabolism is a major concern in patients treated with chemotherapy. Thus, assessment of the degree of liver dysfunction is crucial for predicting the adverse events of chemotherapy. The non-alcoholic fatty liver disease fibrosis score (NFS) is a non-invasive clinical scoring system constructed from routine clinical and laboratory variables. The aim of this study was to evaluate whether NFS was useful for predicting the adverse events of chemotherapy including irinotecan (CPT-11) for colorectal cancer. Between January, 2007 and May, 2013, a total of 87 patients with unresectable/recurrent colorectal cancer who received first-line chemotherapy including CPT-11 were reviewed. Demographic variables, including pretreatment NFS, were retrospectively collected from medical records. The primary outcome was the association between pretreatment NFS and adverse events, such as hematological and non-hematological toxicity, of chemotherapy including CPT-11. The median pretreatment NFS was 1.302 (range, 5.158-2.620). Pretreatment NFS was an independent risk factor for hematological toxicity in a multivariate analysis (coefficient= 0.932, 95% CI: 0.083-1.781; P= 0.031). Receiver operating characteristic curve analysis identified 0.347 as the optimal cut-off value associated with hematological toxicity. Using this cut-off, high NFS was found to be a significant risk factor for hematological toxicity (coefficient=2.019, 95% CI: 0.239-3.798, P=0.026), but not for non-hematological toxicity (P=0.546). Therefore, based on these results, NFS appears to be a significant predictor of hematological adverse events in chemotherapy including CPT-11 for colorectal cancer and it is a non-invasive, useful tool that may be used for determining regimens or doses of chemotherapy including CPT-11.
Introduction
Liver dysfunction, which may affect drug metabolism, is a major concern in patients receiving chemotherapy for colorectal cancer. Thus, the assessment of the degree of any liver dysfunction, such as hepatic fibrosis and inflammation, is crucial for predicting the effects or adverse events of chemotherapy. Currently, the gold standard method for the assessment of liver dysfunction is liver biopsy; however, this is a costly and invasive method, with a high risk of complications. In addition, the typical sample is small and may result in sampling error (1, 2) . Certain benefits of non-invasive clinical scoring systems, constructed from routine clinical and laboratory variables, have been reported for several liver conditions, including non-alcoholic fatty liver disease (NAFLD) (3) . Among those, the NAFLD fibrosis score (NFS) has been recommended even for Japanese populations, in which the incidence of obesity is relatively low (4, 5) .
Irinotecan (CPT-11) is a key drug used to treat unresectable/recurrent colorectal cancer. Polymorphisms in the uridine diphosphate-glucuronosyltransferase (UGT)1A1 gene, which is involved in the metabolism of CPT-11 in the liver, may cause severe adverse events, such as neutropenia (6) . However, testing for such polymorphisms is time-consuming and costly. In addition, the number of UGT1A1 * 28 homozygous patients who experience severe adverse events due to CPT-11 is quite small in the Japanese population. Thus, it is important to identify a more appropriate surrogate marker reflecting liver dysfunction in chemotherapy with CPT-11. The aim of this study was to evaluate whether NFS is useful for predicting the effects and adverse events of chemotherapy including CPT-11 for colorectal cancer.
Materials and methods
Patients and clinicopathological characteristics. Between January, 2007 and May, 2013, 118 patients were diagnosed with unresectable/recurrent colorectal cancer at Keio University Hospital (Tokyo, Japan), of whom 87 patients who underwent first-line chemotherapy including CPT-11 were enrolled in this study.
The tumor location, from the vermiform appendix (VA) to the rectum, was classified according to the 7th edition of the TNM Classification of Malignant Tumours (http://www.uicc.org/ sites/main/files/private/TNM_Classification_of_Malignant_ Tumours_Website_15%20MAy2011.pdf). The colon was defined as spanning from the cecum to the sigmoid colon, while 'other' was defined as the rectum; thus, tumors of the VA were excluded. In terms of histological types, well-and moderately differentiated tubular adenocarcinomas were defined as highly differentiated carcinomas, whereas poorly differentiated, mucinous adenocarcinomas and signet-ring cell carcinomas were defined as poorly differentiated carcinomas.
Demographic variables were retrospectively collected from medical records and included age, gender, tumor location, histological type, number of metastatic sites (single or multiple), temporal association of metastasis (synchronous or metachronous), cycles of chemotherapy, use of bevacizumab, pretreatment total bilirubin serum levels and pretreatment NFS. NFS was calculated as follows: NFS=1.675 + 0.037x age (years) + 0.094x BMI (kg/m 2 ) + 1.13x impaired fasting glucose/diabetes (yes=1, no= 0) + 0.99x AST/ALT ratio-0.013x platelet (x10 9 /l)-0.66x albumin (g/dl), where BMI, body mass index; AST, aspartate aminotransferase; and ALT, alanine aminotransferase. Treatment was administered until disease progression, development of unacceptable toxicity, or the patient's wish to withdraw. The doses of CPT-11 were lowered by 20% if severe toxic effects (CTCAE grade ≥3) occurred. Patients were evaluated for progression every four cycles by computed tomography. During the follow-up period, any continuing adverse effects were closely monitored.
The primary outcome was the association between pretreatment NFS and adverse events, such as hematological and non-hematological toxicity, of chemotherapy including CPT-11.
This study was approved by the Ethics Review Board of our institute (no. 20140459).
Statistical methods. Logistic regression analysis was used to identify univariate and multivariate risk factors for hematological and non-hematological toxicity (CTCAE grade ≥3). The coefficient (coef) was used to estimate the impact on hematological and non-hematological toxicity. All predictors with P<0.05 in univariate analysis and clinically important factors were retained in the multivariate models.
A receiver operating characteristic (ROC) curve analysis was performed to determine a cut-off point for NFS as a continuous variable. Youden's index was calculated and the maximum value was used as the optimum cut-off point. Using this cut-off value, the impact on adverse events was also assessed. Each risk factor was assessed using the χ 2 test, Mann-Whitney U test, Fisher's exact test and logistic regression analysis. All statistical analyses were two-sided and statistical significance was set at P<0.05. Statistical analyses were performed using the STATA software, version 11; (StataCorp LP, College Station, TX, USA).
Results
Patient background. The clinicopathological demographics of the 87 patients are summarized in Table I . The median age was 67 years (range, 36-82 years) and 59 of the participants (67.8%) were men. The tumors were located in the colon in 59 patients (67.8%). The median pretreatment total bilirubin serum levels were 0.6 mg/dl (range, 0.3-1.5 mg/dl) and the median NFS was 1.302 (range, 5.158-2.620). Grade ≥3 hematological and non-hematological toxicities occurred in 6 (6.9%) and 13 (14.9%) patients, respectively.
Association between NFS and adverse events. In the univariate analysis, pretreatment NFS was significantly associated with hematological toxicity (Table II) . Furthermore, pretreatment NFS was an independent risk factor for hematological toxicity in a multivariate analysis (coef= 0.932, 95% CI: 0.083-1.781; P= 0.031), adjusted for gender, age, temporal association of metastasis, cycle number and pretreatment total bilirubin serum levels. ROC analysis, including Youden's index of NFS, identified 0.347 as the optimal cut-off value associated with hematological toxicity (Fig. 1) . Using this cut-off, 21 (24.1%) patients were classified as high NFS, while 66 (75.9%) patients had a low NFS (Table III) . High NFS was found to be a significant risk factor for hematological toxicity (coef=2.019, 95% CI: 0.239-3.798; P=0.026) but not for non-hematological toxicity (P= 0.546). This model exhibited a sensitivity of 83.3%, a specificity of 79.3%, a likelihood ratio for a positive finding of 3.97, and a likelihood ratio for a negative finding of 0.21. However, pretreatment NFS was not identified as a risk factor for non-hematological toxicity in any univariate or multivariate analysis (Table IV) . The results were similar even when the investigation was limited to diarrhea among non-hematological toxicities (coef= 0.214, 95% CI: -0.514 to 0.942; P= 0.564).
Discussion
Our findings indicate that NFS may be a promising marker for predicting the hematological adverse events of chemotherapy including CPT-11 for colorectal cancer. Liver dysfunction, such as fibrosis, may cause severe CPT-11-related hematological adverse events by hampering its metabolism. The metabolism of CPT-11 occurs via a complex cascade, with hydrolysis of the parent prodrug by hepatic carboxylesterases into 7-ethyl-10-hydroxycamptothecin (SN-38) as an active metabolite, detoxification of SN-38 into an inactive glucuronidated form (SN-38G) by UGT1A1, and excretion of SN-38G in the urine and bile (8) . A fraction of SN-38 is also transported directly via ATP-binding cassette transporters into the bile and released in the intestinal lumen (9) . In the intestine, SN-38 may undergo glucuronidation by intestinal UGT1A1 or be excreted unchanged in the feces (10) . Thus, reduced SN-38G formation is closely associated with severe toxicities. As UGT1A1 is considered to be primarily responsible for the formation of SN-38G, genetic polymorphisms of UGT1A1, such as UGT 1A1 * 6 and UGT 1A1 * 28, increase CPT-11-related neutropenia (6,11-13). UGT1A1 is also responsible for the detoxification of bilirubin, and a correlation between pretreatment bilirubin levels and UGT1A1 polymorphisms has been reported (14, 15) . Thus, high levels of total bilirubin in the serum prior to treatment have been reported to be correlated with neutropenia (12, 13, 16, 17) . However, this study did not determine the impact of pretreatment total bilirubin on the adverse effects of chemotherapy including CPT-11; instead, NFS was found to be a robust predictor of hematological adverse events. As the enzyme activity of UGT1A1 was reported to be largely unchanged by liver fibrosis in rats (18) , other mechanisms through which liver dysfunction may cause CPT-11-related adverse effects have been suggested. However, CYP3A, one of the most important P450 enzymes, was dysregulated in those rats (19) . Considering that bilirubin was not a significant predictor in our study, liver fibrosis may affect the metabolism of CPT-11, through mechanisms other than via UGT1A1, such as CYP3A4 or a bile duct transporter, and result in higher concentrations of SN-38.
Regarding non-hematological toxicity, the inactive metabolite SN-38G is secreted into the duodenum and deconjugated into SN-38 by intestinal bacterial β-glucuronidase, which may cause diarrhea (20, 21) . SN-38 is also converted into SN-38G, catalyzed by the UGT enzyme in the intestine (10) . Thus, polymorphisms of UGT1A1 have been reported to increase not only neutropenia but also delayed diarrhea (22) . NFS was not significantly associated with non-hematological toxicity in our findings, even when the investigation was limited to diarrhea, as liver fibrosis may not affect the activity of UGT or bacterial β-glucuronidase, at least in the intestine.
Our study revealed that NFS was a significant predictor of hematological toxicity in chemotherapy including CPT-11 for CRC. However, while some studies have pointed out the significance of chemotherapy-related adverse events, such as hematological toxicity, for the prognosis of colorectal cancer (23, 24) , our study observed no correlation between NFS and prognosis (data not shown). This may explain why the impact of NFS was limited and why CPT-11 chemotherapy alone does not determine the prognosis of colorectal cancer patients, nor do pretreatment serum bilirubin levels or UGT1A1 polymorphisms (16, 25) . Further investigation is required. This study has several limitations. Although the majority of studies on CPT-11 have included information on UGT1A1 polymorphisms, this was lacking in our medical records, as it is not routinely investigated at our institution. Another limitation was weakness of the statistical power of our study to a certain extent, as this was a retrospective study with a small sample size and data from a single institution. Thus, a prospective study with information on UGT1A1 polymorphisms should be conducted.
In conclusion, NFS is a significant predictor of hematological adverse events in chemotherapy including CPT-11 for colorectal cancer and its use may represent a non-invasive method useful for determining regimens or doses of chemotherapy including CPT-11.
